The genus Cussonia, called "umbrella trees" (Araliaceae), represented by 40 species, has its center of distribution in tropical areas in South Africa and in Madagascar.
1
H-and 13 C-NMR spectra allowed us to propose that the aglycone of 3 is a kaurane diterpenoid with a carboxyl group (d C 177.7), a tertiary hydroxyl group (d C 81.6), and a primary hydroxyl group [d C 66. 4 13 C-NMR spectrum of 3 was very similar to that of ent-kaurane glycoside 2 except for the signals due to the Aring, suggesting that 3 is a C-4 epimer of 2 with respect to the stereochemistry of C-4, i.e. the carboxyl group of 3 is equatorial. The orientation was confirmed by the observation of an nuclear Overhauser effect (NOE) between the two methyl groups (d 0.98, d 1.32) on C-4 and C-10 of 3. From this evidence, the structure of 3 was assigned as shown.
Compounds 4 (cussoracoside B, C 31 H 48 O 12 bitter taste), and 5 (cussoracoside C, C 32 H 50 O 13 sweet taste) yielded a common aglycone 4a upon enzymatic hydrolysis, while glucose and apiose were obtained from 4 and glucose from 5 by acid hydrolysis. Inspection of the 1 H-and 13 C-NMR spectra suggested that 4a is a kaurane diterpenoid with an exocyclic methylene [d C 106. 4 5, 6 .0, 3.1 Hz), and a carboxyl (d C 180.0) group. The allocation of the double bond at C-16, the hydroxyl group on C-12, and the carboxyl group on C-4 were deduced from the results of heteronuclear single quantum coherence (HSQC) and heteronuclear multiple bond connectivity (HMBC) experiments. Furthermore, the carbon signals of 4a were essentially the same as those of ent-12a-angeloyloxykaur-16-en-19-oic acid, 12) with the exception of the signals due to the angeloyl moiety. Therefore aglycone 4a was concluded to be ent-12a-hydroxykaur-16-en-19-oic acid. assigned on the basis of the glycosylation shifts rule. 13) Comparison of the 13 C-NMR spectral data of 5 with those of 4a revealed a downfield shift of the signal of C-12 (ϩ9.7 ppm) and upfield shift of the signals of C-11 (Ϫ3.0 ppm) and C-13 (Ϫ2.3 ppm) of 5. The magnitude of the downfield shift of C-12 and the upfield shifts of C-11 and -13 caused by b-D-glucosylation indicated that aglycone 4a belongs to the ent-series. Thus the structures of 4 and 5 were assigned as shown.
Compound 6 (cussoracoside D, C 31 H 48 O 12 ) has the same molecular formula as 4. The results of HR-FAB-MS as well as the sugars obtained upon acid hydrolysis of 4 and 6 were the same. On comparison of the 13 C-NMR data of 6 with those of 4, the chemical shifts of signals due to the esterified biose and the aglycone carbons were essentially the same except for the signals due to A-ring carbons. On going from 4 to 6, the chemical shift of C-4 was shifted downfield by ϩ4 ppm while C-1, C-2, C-3, and C-5 were shifted upfield by Ϫ1.6, Ϫ1.6, Ϫ1.7, and Ϫ6.3 ppm, respectively. These data indicate that the difference between 6 and 4 is due to the disposition of the methyl groups on the A-ring only. The location of the carboxyl group at C-18 and not at C-19 was confirmed by the observation of an NOE between two methyl proton signals at d 0.89 (H-19) and 1.26 (H-20) in the NOESY spectrum of 6. Thus the structure of compound 6 was determined as shown.
The 1 H-and 13 C-NMR spectra of 7 (cussoracoside E, C 26 H 40 O 9 ), which was assigned by H-H correlation spectroscopy (COSY), HSQC, and HMBC, showed that the aglycone of 7 is a 12-hydroxykaur-16-en-18 or -19-oic acid with an additional secondary hydroxyl group located at the 3-position. The H-H COSY experiment indicated correlations from H-1 [d 2.18 (ddd, Jϭ12.9, 9.8, 3.5 Hz)] to H-3 [d 3.34 (dd, Jϭ12.0, 3.9 Hz)]. In the HMBC experiment, long-range correlations were observed between the following protons and carbons: 18-H 3 and 3-, 4-, 5-, 18-C; and 20-H 3 and 1-, 5-, 9-, 10-C. Moreover, the fact that the 13 C-NMR spectral data of 7 are very similar to those of ent-3b-hydroxykaur-16-en-19-oic acid, 14) with respect to the A-and B-rings led to the location of the carboxyl group at C-19 and the hydroxyl group at C-3. The configuration of the hydroxyl group was concluded to be equatorial from the coupling constant of the carbinyl proton signal [d 3.34 (dd, Jϭ12.0, 3.9 Hz)]. On alkaline hydrolysis, 7 liberated 1,6-anhydroglucose. These findings led to the formulation of 7 as shown. (9) 8) demonstrated that the signals due to carboxyl (d 179.9) and one methylene (d 38.6) of 9 had been replaced by the signal of the oxygenated methylene and the secondary hydroxyl functions in 8. These spectral data suggest that the formulation of the aglycone of 8 could be represented as 3,18-or 19-dihydroxykaur-16-ene. The position of these functions was confirmed by an HMBC The ent-nature of cussoracosides B and C and the known compounds 1 and 2 suggests that all the other glycosides also belong to the ent-series. C. racemosa is a new source of sweet glucosides. Since the structure of cussoracoside C is closely related to rubusoside, 15) a sweet glucoside 115 times as sweet as sucrose, isolated from Rubus suavissimus, its relative sweetness as well as improvement of the quality of sweetness will be the subject of our next investigation.
Experimental
NMR spectra ( Extraction and Isolation The dried leaves (1.750 kg) of C. racemosa were extracted with MeOH. After removal of the solvent by evaporation, the residue (362.7 g) was suspended in water and extracted with hexane and EtOAc in succession. The aqueous layer (253.0 g) was subjected to a column of a highly porous copolymer of styrene and divinylbenzene, and eluted successively with H 2 O, 30% MeOH, 100% MeOH, and Me 2 CO. The fraction eluted with MeOH was chromatographed on a column of silica gel (system I), affording eight fractions. Fractions 1 and 2 were subjected to chromatography on RP-18 and a ODS-HPLC using system II and system III, respectively, to afford compounds 1 (85 mg), 2 (80 mg), 3 (15 mg), 4 (104 mg), 5 (196 mg), 6 (7 mg), 7 (12 mg), 8 (11 mg).
Acid Hydrolysis of 4, 6, and 8 Each sample (10 mg of 4, 3 mg of 6, 5 mg of 8) was dissolved in 10% H 2 SO 4 , and refluxed for 2 h. The reaction mixture was cooled and extracted with EtOAc. The aqueous layer was examined for sugar by direct comparison on silica gel TLC with authentic glucose and apiose.
Alkaline Hydrolysis of 3, 4, and 7 A solution of each compound [3 (5 mg), 4 (50 mg), 7 (5 mg)] in 1 N KOH-MeOH was refluxed for 1 h. The reaction mixture was cooled and extracted with EtOAc. The produced aglycone was identified by 1 H-and 13 C-NMR spectra. The aqueous layer (from 3, 7) was examined for sugar by direct comparison on silica gel TLC with authentic 1,6-anhydroglucose. s, H-18), 1.07 (3H, s, H-20) ; 13 C-NMR: Preliminary Test of Sweetness The sweet taste of cussoracoside C and the bitter taste of cussoracoside B were determined by a human sensor. 
